Abstract Eucheuma denticulatum is a red edible seaweed that grows in the East Malaysia coastal region. The objective of this study was to investigate the α-amylase, antioxidant and anti-inflammatory activities of E. denticulatum ethanol extract and its three fractions (n-hexane, ethyl acetate and acetone). α-Amylase activity was assessed by dinitrosalicylic acid (DNS) assay, while the antioxidant property was determined by oxygen radical absorbance capacity (ORAC) analysis. The anti-inflammatory effects of the seaweed samples were evaluated by nitric oxide (NO), interleukin-6 (IL-6), interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α), and monocyte chemoattractant protein-1 (MCP-1) activities on the interferon-gamma/lipopolysaccharide (IFN-γ/LPS)-stimulated murine macrophage cell line (RAW 264.7) using Griess reaction and immunoassays, respectively. At 10 mg mL −1 , E. denticulatum ethanol extract and three fractions inhibited α-amylase activities at variable levels. The highest (67 %) inhibition of α-amylase enzyme was by the ethanol crude extract. The three fractions showed inhibition with a mean of 42 %. Crude ethanol extracts also exhibited higher antioxidant capacity (36,400 ±23.5 mol Trolox equivalent (TE) (100 g)
Introduction
Diabetes mellitus is a leading cause of morbidity and mortality worldwide, affecting an estimated 300 million people (Rosiak et al. 2014) . Moreover, this disease is also associated with many severe health complications such as coronary heart disease, stroke, liver damage, nephropathy, retinopathy, and peripheral neuropathy (Marcovecchio et al. 2005) . Therefore, developments of novel strategies for the management of diabetes are vital to control the severity of the disease. Management of hyperglycemia has been implicated as an important strategy in diabetic management especially for type 2 diabetes (Lordan et al. 2013) . Antidiabetic drugs such as acarbose, miglitol, and voglibose inhibit the human starch digestive enzymes α-amylase and α-glucosidase activities and through this action, attenuate the increase of glucose levels in the blood of diabetic patients (Van de Laar et al. 2005 ; Van de Laar 2008) . However, the current available α-amylase and α-glucosidase inhibitors are known to have undesirable side effects including liver toxicity and adverse gastrointestinal symptoms that limit their long-term usage (Godbout and Chiasson 2007) . Consequently, safer alternatives are still needed.
Extracts and compounds from marine seaweeds have previously been demonstrated to possess antidiabetic activities and could represent safer or more natural alternatives in diabetic management (Maeda et al. 2008; Kumar and Brown 2013; Chin et al. 2014) . Seaweed extracts are rich in phytochemicals such as polyphenols, phlorotannins, and phloroglucinol derivatives that have been shown to exhibit antidiabetic activity through inhibition of α-amylase and α-glucosidase activity (Lee et al. 2009; Kim et al. 2010) . Besides inhibition of the carbohydrate-hydrolyzing enzymes, another important antidiabetic mechanism previously postulated is via antioxidant activity (Wang et al. 2012) . Previous evidence suggests that the antioxidant activity in seaweed extracts may also contribute to its potential antidiabetic activity by reducing the free radical and oxidative stress caused by hyperglycemia Saisho 2014) . Hyperglycemia also appears to increase the production of proinflammatory cytokines and inflammatory mediators such as interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), macrophage chemoprotectant-1 (MCP-1), and nitric oxide (NO) which are also linked to the pathogenesis of diabetes (Hasnain et al. 2014) . The inhibition of the production of these inflammatory cytokines therefore also represents a potential route for diabetes management (Lee and Pratley 2005) .
Eucheuma denticulatum (N.L. Burman) F.S. Collins and Hervey, previously known as E. spinosum, is an edible red seaweed that can be found in East Malaysia, Singapore, Indonesia, and Northern Australia (Ask and Azanza, 2002) . To date, the huge potential usage of this species as an important resource for health benefits and functional food is still untapped. In our previous study (Balasubramaniam et al. 2013 ), E. denticulatum has been shown to inhibit α-amylase enzyme activity. The current study furthered our previous research on the impact of E. denticulatum seaweed fractions on α-amylase activity by fractioning the crude extracts using solvents of varying polarities (n-hexane, ethyl acetate, and acetone). E. denticulatum, and its fractions were also compared for their antidiabetic potential with other local edible seaweeds (Sargassum polycystum and Caulerpa lentillifera) in this study. Thus, this study was aimed at increasing the understanding of the potential benefits of different seaweed extracts and fractions by determining the α-amylase activity, antioxidant and hyperglycemia-linked cytokines activities.
Materials and methods

Chemical and reagents
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), penicillin, and streptomycin were from Gibco BRL (USA). Lipopolysaccharide (LPS) (E. coli strain 026:B6), interferon-gamma (IFN-γ), α-amylase enzyme, and acarbose were from Sigma (USA). All the reagents used were of tissue culture grades unless otherwise stated.
Seaweed collection
Seaweed from three different groups, i.e., Eucheuma denticulatum (red), Sargassum polycystum (brown), and Caulerpa lentillifera (green) were supplied by the Department of Fisheries, Malaysia. The fresh seaweed samples were cleaned and processed as previously described (Balasubramaniam et al. 2013 ). All cleaned samples were freeze-dried and ground to a fine powder and stored in air-tight containers at 80°C prior to extraction.
Seaweed extraction
Seaweed powder was mixed in a ratio of 1:20 w/v with the extraction solvent (100 % ethanol) by stirring at room temperature for 24 h. The ethanol extract was filtered using Whatman filter paper (No.1), and the filtrate was evaporated to dryness using rotary evaporator at 45°C. Next, the crude ethanol extract (300 mg) was dissolved in 5 mL of ethanol and fractionated using three solvents of varying polarities (n-hexane, ethyl acetate, and acetone) in a pre-packed column chromatography (Extrelut NT3, Merck). The fractions were collected and dried in a vacuum concentrator (GeneVac, UK) and stored at 80°C.
Inhibition assay for α-amylase activity
The α-amylase inhibition was determined based on a colorimetric assay using 96-well microplate as previously described (Balasubramaniam et al. 2013) . Briefly, 30 μL of test samples (10 mg mL −1 ) in 30 mM Sorensen's phosphate buffer (pH 7) was added to 30 μL of α-amylase solution (0.5 mg mL −1 ) in the same buffer and was pre-incubated at 37°C for 10 min. After the pre-incubation, 60 μL of 0.5 % starch was added to each well. The reaction mixtures were then incubated at 37°C for 10 min. After incubation, the reaction was stopped by the addition of 120 μL dinitrosalicylic acid (DNS) reagent. The 96-well plate was then incubated at 100°C for 5 min and was cooled to room temperature. Absorbance was measured at 540 nm using microplate reader Elx800 (BIO-TEK Instruments Inc., USA). Acarbose (1 mg mL
), a pharmacological inhibitor was included as a positive control.
Oxygen Radical Absorbance Capacity (ORAC) assay Antioxidant activity was determined using ORAC Antioxidant Assay Kit (Zen-Bio, USA). Briefly, Trolox (6.25-100 μM) and test samples were prepared. Fluorescein solution (150 μL) and Trolox or samples (25 μL) were added to individual wells of assay plate followed by incubation at 37°C for 10 min. After incubation, 25 μL per well of AAPH (2,2′-azobis(2-amidino-propane) dihydrochloride) was injected using on-board microplate injector. Fluorescence measurement (excitation=485 nm; emission=538 nm) was recorded for 1 h at 90-s intervals to determine the background signal with the automated FLUOstar Omega microplate reader system. The area between the fluorescence decay curve of the blank and the sample extract is used to calculate ORAC values of the samples. The data was analysed using MARS data analysis software version 2.40 (BMG LABTECH, GmbH) and expressed as mg Trolox equivalent (TE) (100 g)
. All assays were performed in triplicate (n=3) for each sample.
Cell culture and stimulation
The murine macrophages cell line, RAW 264.7 was purchased from American Type Culture Collection (Rockville, USA) and was cultured using Dulbecco's modified Eagle's medium (DMEM) (Gibco Inc., USA) supplemented with 10 % fetal bovine serum (FBS) (Gibco Inc., USA), sodium pyruvate (1 mM), 100 U mL −1 of penicillin, and 100 μg mL −1 of streptomycin. The cells were maintained and incubated at 37°C in 5 % CO 2 . RAW 264.7 cells (0.4×10 5 cells per well) were seeded in 24-well plates (Costar, USA) and incubated for 24 h. Then, the attached cells were pre-treated with E. denticulatum crude extract and fractions at 1, 10 and 100 μg mL −1 for 2 h before being induced with a combination of interferon-gamma (IFN-γ) (10 U mL
) and lipopolysaccharide (LPS) (500 ng mL −1 ) for 24 h. Supernatants were collected and kept in −80°C until further use. This supernatant was used for the analysis of NO, IL-1, IL-6, MCP-1, and TNF-α.
Assessment of cell viability
The effect of E. denticulatum extracts on cell viability was measured using the CellTiter 96 AQ ueous One Solution Cell Proliferation Assay (MTS) (Promega, USA) according to the manufacturer's instruction. Approximately, 0.2 × 10 5 cells mL −1 were seeded in each well of the 96-well plates with 100 μL of cell culture medium. The cells cultured for 18-24 h before treatment with E. denticulatum extracts (1-100 μg mL
) in the presence or absence of IFN-γ/LPS. Briefly, after the 24 h treatment, an aliquot of 20 μL of One Solution Reagent was added to the wells containing cells. Following 1 h incubation at 37°C, the absorbance was read at 490 nm with a microplate reader (BIO-TEK Instruments Inc., USA). The quantity of formazan product as measured by the absorbance at 490 nm is directly proportional to the number of living cells in culture. Cell viability was calculated as percentage of untreated cells.
Morphological assay of RAW 264.7
The effect of the E. denticulatum on morphological of RAW 264.7 was also evaluated. Cells were plated at a density of 0.4×10 5 cells per well into 24-well plates for 24 h before being treated with indicated compounds for a further 24 h. The supernatant was removed, and cells were washed twice with phosphate buffer saline. Hank's balance salt solution (HBSS) (400 μL) was added to the well before the addition of 40 μL of trypan blue solution. The plate was swirled slowly so that trypan blue is evenly spread in the well. The morphology of cells was captured under a microscope.
Nitrite determination
Griess Reagent system (Promega, USA) was used to determine nitric oxide formation by measuring the production of nitrite (NO 2 − ). In brief, 50 mL of culture medium was incubated with 50 mL of sulphanilamide solution (1 % sulphanilamide in 5 % phosphoric acid) and 50 mL NED solution (0.1 % N-(1-naphthyl) ethylene diamine dihydrochloride), respectively, at room temperature for 10 min each solution. The color development was measured at 530 nm using a microplate reader (FLUOstar Omega, Germany). The nitrite content was calculated based on a standard reference curve constructed with 0.1 M sodium nitrite. N-nitro-L-arginine-methyl ester (L-NAME) (250 μM) was used as a positive control (Othman et al. 2015) .
Determination of pro-inflammatory cytokines
The inhibitory effects of seaweed extracts and its fraction on the production of IL-6, IL-1, TNF-α, and MCP-1 were quantified according to the manufacturer's recommendations with mouse cytokine-specific ELISA kits (ProcartaPlex Multiplex Immunoassays).
Statistical analyses
All data are expressed as mean±standard error of the mean (SEM) for three independent assays (n=3). The statistical comparisons performed by one-way analysis of variance (ANOVA) followed by Bonferroni as a post hoc test using GraphPad Prism version 5.0 for Windows. Differences were considered to be statistically significant when p<0.05.
Results
Effect of E. denticulatum crude and fractions on α-amylase activity Ethanol extracts of three seaweed species from different phyla; E. denticulatum (Rhodophyta), S. polycystum (Ochrophyta), and C. lentillifera (Chlorophyta) were evaluated for their α-amylase inhibitory activity. α-Amylase is a carbohydrate-metabolizing enzyme and by inhibiting the enzyme, post-prandial hyperglycemia can be delayed. Acarbose, a commercial carbohydrate digestive enzyme inhibitor was used as a positive control while α-amylase (0.5 mg mL −1 ) from porcine pancreas was used as control and represents 100 % enzymatic activity. Among the three species tested, E. denticulatum extract exhibited highest α-amylase inhibitory activity. At 10 mg mL
, only ethanol extracts of E. denticulatum and S. polycystum significantly inhibited the α-amylase activity by 67 and 46 %, respectively, while acarbose (1 mg mL
) reduced 92 % of the activity (Fig. 1) . Thereafter, E. denticulatum was selected due to its profound α-amylase inhibition activity.
To investigate the component that may contribute to the α-amylase inhibitory activity, E. denticulatum crude ethanol was further fractionated with the selection of different solvents (n-hexane, ethyl acetate, and acetone). The three fractions (n-hexane, ethyl acetate, and acetone) at 10 mg mL −1 exhibited lower α-amylase inhibitory activity (36, 42, and 49 %, respectively) (Fig. 2 ) compared to the crude extract.
Antioxidant activity of E. denticulatum crude and fraction
The antioxidant activities varied widely among E. denticulatum crude extract and fractions. As shown in Table 1 , the antioxidant activity as assessed by the ORAC assay ranged from 200 ± 0.30 to 36,400 ± 23.5 μmol TE (100 g) −1 DW, with the crude extracts showing highest antioxidant potential (36,400±23.5 μmol TE (100 g)
) and significant difference (p<0.05) compared to fractions. The test samples were ranked from highest to lowest potential as follows: crude>n-hexane>acetone>ethyl acetate.
Effect of E. denticulatum crude and fractions on cell viability and morphology
In order to investigate the cytotoxic potential of E. denticulatum extracts on viability of murine RAW 264.7 macrophages, the MTS assay was used. Treatment of RAW 264.7 cells with seaweed crude extract and its three selected fractions (n-hexane, ethyl acetate, and acetone) at the concentration used (1-100 μg mL −1 ) had no significant effect on cell viability after 24 h incubation in the absence (Fig. 3a) or presence ( Fig. 3b) of IFNγ/LPS (10U/0.5 μg mL −1 ) stimulation. Figure 3c presented the cell morphology of RAW 264.7 cells treated with test samples at highest concentration (100 μg mL −1 ) in the absence or presence of IFNγ/LPS.
The (A) control (untreated) cells morphology generally showed round and smooth form whereas IFNγ/LPS stimulated (B) RAW 264.7 cells appear rough and highly vacuolated. The appearance of the cells upon treatment with E. denticulatum crude and fractions (hexane, ethyl acetate and acetone) (C-F) at 100 μg mL −1 does not differ from that of untreated control cells.
Effect of E. denticulatum crude and fractions on NO production
The inhibition of NO production by E. denticulatum and its fractions were investigated by measuring the levels of NO production in the IFN-γ/LPS stimulated RAW 264.7. L-NAME (250 μM) was used as a positive control drug. All Fig. 1 Effect of ethanol extracts of E. denticulatum (Spi), S. polycystum (Sarg) and C. lentillifera (Cau) at 10 mg mL −1 on α-amylase activity. α-Amylase enzyme as a control (C) was set at 100 %. Acarbose (Acar) at 1 mg mL −1 serves as a positive control. The data represents mean±SEM of three independent assays (n=3). Asterisk denotes p<0.05 compared to control (C) Fig. 2 Effect of E. denticulatum fractions (Hex n-hexane, EtOAc ethyl acetate, Ac acetone) at 10 mg mL −1 on α-amylase activity. α-Amylase enzyme as a control (C) was set at 100 %. The data represents mean± SEM of three independent assays (n=3). Acarbose (Acar) at 1 mg mL −1 was used as a positive control. Asterisk denotes p<0.05 compared to control (C) investigated samples decreased the levels of NO production in a dose-dependent manner (41-81 %) compared with the IFN-γ/LPS-treated only (Fig. 4) . The highest NO reduction was by n-hexane fraction at 100 μg mL −1 (81 %) which is comparable or better than the positive control, L-NAME (66 %). The IC 50 values for crude, n-hexane, ethyl acetate, and acetone on IFN-γ/LPS-induced NO production were 3.49, 10.32, 27.02, and 7.12 μg mL
, respectively. Analysis of cell viability in the presence of E. denticulatum extracts in RAW 264.7 cells indicated that the tested concentration of these extracts in this study did not affect the viability of the RAW 264.7 cells (Fig. 3) . Thus, the inhibitory effects on NO production are not attributable to any cytotoxic action on RAW 264.7 macrophages.
Effects of E. denticulatum and its fraction on IFN-γ/LPS-induced TNF-α, IL-1β, IL-6, and MCP-1 production In the present study, E. denticulatum crude preparation and its three fractions were examined for their possible antiinflammatory activities by investigating the inhibitory activity of pro-inflammatory cytokines such as TNF-α, IL-1β, IL-6, and MCP-1. RAW 264.7 macrophages were challenged with IFN-γ/LPS in the presence or absence of the test samples, and the levels of cytokines in the medium were measured.
Treatment with IFNγ/LPS markedly increased all the proinflammatory cytokines (TNF-α, IL-1β, IL-6, and MCP-1) production from mouse RAW 264.7 macrophages. Pretreatment of macrophages with the seaweed extracts showed selective inhibitory activity against the cytokines tested (Fig. 5) . In this finding, IFN-γ/LPS-induced TNF-α production was detected at a mean concentration of 5205.06 ± 1202.85 pg mL −1 . Treatment with the seaweed extracts showed 18-43 % inhibition of TNF-α with the crude extract exhibiting significant reduction at all concentrations tested (1-100 μg mL −1 ) (Fig. 5a ). As shown in Fig. 5b , unstimulated cells synthesized 10.32±3.24 pg mL −1 of IL-1β, whereas IFN-γ/LPS-induced cells showed a 15-fold increase in synthesis (152.12±20.85 pg mL
−1
). Crude and n-hexane fraction inhibited IL-1β production in a dose-dependent manner in which significant inhibition was evident at 100 μg mL −1 with fourfold decrease for both treatments (35.64±3.16 and 38.49 ±13.00 pg mL
, respectively). IFN-γ/LPS also markedly induced the IL-6 production (1795.03±62.88 pg mL −1 ) in ) for 24 h; untreated cells (C) were not exposed to IFNγ/LPS or test samples and the growth condition of cells was determined by MTS assay. c Morphology of macrophage RAW 264.7 cell was detected by trypan blue staining, followed by a microscopic observation (×40). The image shows cells treated with highest test concentration (100 μg mL (Fig. 5c) . Untreated control cells, released trace amount of IL-6. Crude, n-hexane and ethyl acetate showed reduction in the production of IL-6 with significant inhibition was attainable with concentrations of crude and n-hexane at 100 μg mL . On the other hand, only n-hexane and acetone at 100 μg mL −1 showed significant inhibitory activity towards MCP-1 (37 and 39 % respectively; p<0.05), while crude was ineffective to reduce the level of MCP-1 (Fig. 5d) .
Discussion
Seaweeds such as Rhodophyta have previously been noted for their abundance of metabolites and diversity compared to other seaweeds (Munro and Blunt 2005) , including a diverse type of chemical constituents, namely from polyphenols, polysaccharides, and pigments to vitamins and minerals (Mohamed et al. 2005; Sokolova et al. 2011; Balasubramaniam et al. 2013) which may contribute to the important biological effects such as antidiabetic, antioxidant, and anti-inflammatory. In our previous finding (Balasubramaniam et al. 2013 ), E. denticulatum (red seaweed) have shown to have a good inhibitory potential on carbohydrate metabolizing enzymes, α-amylase. Thus, in the current study, ethanol extracts of E. denticulatum (red) were further selected and compared with S. polycystum (brown) and C. lentillifera (green) from different phyla for α-amylase activity. E. denticulatum showed the highest inhibitory activity (67 %) at 10 mg mL −1 . However, in the present study, crude ethanol extracts of E. denticulatum exhibited lesser inhibitory activity (67 %) against α-amylase compared to the previous finding which exhibited 88 % inhibition at a lower concentration (4 mg mL − 1 ) (Balasubramaniam et al. 2013 ). This may reflect differences between compositions resulting from differences in harvesting season and source of the seaweed. In addition, certain metabolite content of seaweeds which attribute to the beneficial bioactivity is known to vary with location and environmental conditions (Glombitza and Knoss 1992) . On the other hand, S. polycystum, a brown edible seaweed, exhibited moderate α-amylase inhibitory activity (46 %) which was in agreement with previous reports suggesting the anti-diabetic potential of this seaweed (Motshakeri et al. 2013) . Brown seaweeds are the most extensively studied marine algae for antidiabetic benefits. Majority of the biological activity, especially the possible antidiabetic effects, may be due to the presence of phlorotannin, a brown algal polyphenol, and its derivatives (Lee et al. 2009; Nwosu et al. 2011; Rengasamy et al. 2014 ). Inhibition of α-amylase has been noted for purified phlorotannins from another brown alga, Ecklonia cava (Lee et al. 2009 ). Dietary fucoxanthin (a carotenoid), which also is found in edible brown seaweeds, reportedly reduced blood glucose and plasma insulin levels in diabetic/obese KK-A y mice (Maeda et al. 2007 ) and lowered blood glucose and HbA1C in nondiabetic, high-fat diet mice (Woo et al. 2010 ). However, this species was not selected for further study due to its cytotoxic effect on the cell line related to this study (Data not shown).
Caulerpa lentillifera did not exhibit significant inhibitory on α-amylase in the current study. However, in another study (Sharma and Rhyu 2014) , C. lentillifera exhibited antidiabetic potential through different mechanism; via inhibition of dipeptidyl peptidase-IV and α-glucosidase in vitro.
We focused further on the component(s) that may contribute to the α-amylase inhibitory activity of E. denticulatum by studying the fractions and on other possible mechanism of action involves in reducing hyperglycemia. The screening ) serves as positive and negative control, respectively. The data represent the mean±SEM of three separate experiments. One-way ANOVA was used followed by Bonferroni's post hoc test. Asterisk denotes p<0.05 compared to control (C) starts with the selection of different solvents and therefore, able to extract bioactive components of different polarity. The ethanol crude extract was fractionated into three fractions using n-hexane, ethyl acetate and acetone. All the fractions showed lesser α-amylase inhibitory activity (Fig. 2) , suggesting the extracts activity may be connected with a mixture of compounds which may act synergistically. Another possible factor that may affect the lack of activity of fractions is that the fractionation step may have degraded or retained some of the important metabolites on the column during the process. Edible seaweeds can contain appreciable amounts of polyphenols (Rodriguez-Bernaldo de Quiros et al. 2010) , which have been reported with beneficial biological activities such as regulation of carbohydrate and lipid metabolism, by modulating the activity of digestive enzymes (Lee et al. 2009 ). Matanjun et al. (2008) reported that red algae such as Eucheuma are rich source of polyphenols while Mohamed et al. (2005) showed that polyphenol content in ethanol extract of Eucheuma spp. was the highest compared to n-hexane, ethyl acetate, and acetone extracts. Their results corroborate well with our findings where crude ethanol extract exhibited strongest activity than the fractions indicating the possible contribution of polyphenol for the antidiabetic effect.
The antioxidant activity study of E. denticulatum and fractions was performed using an ORAC assay. The antioxidant activity found in these algae could be related with the amount of algal polysaccharide, phenolic acid, or carotenoids existing in the extracts. Previous studies have reported on the antioxidant capacity contributed by these components (Mohamed et al. 2005; Sokolova et al. 2011; Pangestuti and Kim 2011) . Our initial liquid chromatography mass spectrometry (LC-MS) work suggested the presence of different types of carotenoid and xanthophyll in the seaweed (results not shown). Less carotenoid or xanthophyll was detected after the fractionation step of the crude extract, thus suggesting the lack of antioxidant activity in the fractions. Different species of algae contain different kinds of carotenoids which have been implicated as important dietary nutrients with antioxidant potential (Miyashita 2009 ). Therefore, it is likely that the presence of carotenoids or xanthophylls is one of the significant factors that contributed to the high antioxidant activity observed in this study. However, more research is required to determine other possible biological responses that contribute to the antioxidant capacity of the seaweed. It has been reported that chronic inflammation exposure increases the risk of obesity, insulin resistance, type 2 diabetes, cardiovascular disease, or cancer. Macrophages play an important role in inflammatory diseases relating to over production of inflammatory mediators such as NO and proinflammatory cytokines including TNF-α, IL-1β, IL-6, and MCP-1. Inflammatory stimuli, such as LPS and IFN-γ, contribute to morphological changes such as increased cell size, irregular shape, and cytoplasmic spreading and induce cytokines in the process of macrophage activation (Han et al. 2002; Lee et al. 2006; Núñez et al. 2007 ) which corroborated with our finding. Thus, the inhibition of cytokine production or function is a key mechanism in the control of inflammation.
Many marine natural products that contain antioxidants are known to have anti-inflammatory effects (D'Orazio et al. 2012) . NO is an important inflammatory mediator which is synthesized from arginine by nitric oxide synthase. Elevated production of NO subsequently leads to cytotoxicity and tissue damage (Kim et al. 1999) . Our results exhibited that crude ethanol and three fractions of E. denticulatum significantly inhibited the production of IFNγ/LPS-induced NO in a concentration-dependent manner in RAW 264.7 macrophages with highest inhibition by the n-hexane fraction (81 %). Moreover, the inhibitory effects were not due to the cytotoxicity of the extracts, as assessed by MTS assay. TNF-α is a key mediator of inflammation while IL-1β has been shown to be an important cytokine in chronic inflammatory diseases. IL-6, a pro-inflammatory cytokine, is secreted from a variety of tissues which acts synergistically with other regulatory factors to affect the development of several chronic diseases such as cardiovascular disease (CVD) and type 2 diabetes (Pradhan et al. 2001; Yudkin et al. 2000) . Moreover, IL-6 levels have been shown to be linked to decreased insulin-induced glucose uptake (Kern et al. 2001; Fasshauer et al. 2003a ) and decrease insulin sensitivity through suppression of adiponectin mRNA synthesis and secretion (Fasshauer et al. 2003b ), while MCP-1 is responsible for recruiting additional monocytes to facilitate amplification of the inflammatory status and contributes to type 2 cytokine-mediated inflammations (Chensue et al. 1996; Chen 2006) . The current finding showed all the tested E. denticulatum extracts exhibited reduction in the production of TNF-α. Crude and n-hexane fractions showed significant inhibition for IL-1β and IL-6, whereas for MCP-1, n-hexane and acetone fractions exhibited significant reduction. Thus, E. denticulatum can be considered to possess potential antiinflammatory activity. Among the three solvents, the n-hexane fraction showed strong inhibitory activity towards all the proinflammatory mediators and cytokines tested, suggesting that nonpolar compounds may be involved in the antiinflammatory activity. It has been shown that several natural antioxidant compounds directly inhibit the expression of cytokines, thus reducing inflammation. Various classes of natural pigments have been shown as potent antioxidants in marine algae. Phycoerythrin, a red protein-pigment complex found abundantly in Rhodophyta (Pangestuti and Kim 2011) was associated with anti-inflammatory activities (Lordan et al. 2011) . Fucoxanthin is known to be a potent anti-inflammatory agent in in vitro and in vivo studies with responses to bacterial lipopolysaccharides (LPS) (Shiratori et al. 2005; Heo et al. 2010; Kim et al. 2010) . The anti-inflammatory effects of natural pigments are mainly based on modulation of macrophage function. Other possible components which can be related to the seaweed's anti-inflammatory effects are polyunsaturated fatty acids (PUFAs). Rhodophyta species are noted as a valuable source of PUFAs which are related to beneficial effects such anti-inflammation and other related diseases (Zhao et al. 2004; Colombo et al. 2006; McCauley et al. 2015) .
In conclusion, the results indicate that E. denticulatum ethanol extract and fractions can be considered as a potential antioxidant source and could have potential therapeutic benefits against inflammation by reducing NO and downregulation of pro-inflammatory cytokines associated with hyperglycemia. These activities could at least partly contribute to the antidiabetic effect of E. denticulatum, in addition to starch enzyme inhibition properties. Hence, this study suggests that E. denticulatum has interesting potential in the search for novel functional application such as functional food ingredients and pharmaceuticals.
